The mammalian hippocampus is important for normal memory function, particularly memory for places and events. Place cells, neurons within the hippocampus that have spatial receptive fields, represent information about an animal's position. During periods of rest, but also during active task engagement, place cells spontaneously recapitulate past trajectories. Such 'replay' has been proposed as a mechanism necessary for a range of neurobiological functions, including systems memory consolidation, recall and spatial working memory, navigational planning, and reinforcement learning. Focusing mainly, but not exclusively, on work conducted in rodents, we describe the methodologies used to analyse replay and review evidence for its putative roles. We identify outstanding questions as well as apparent inconsistencies in existing data, making suggestions as to how these might be resolved. In particular, we find support for the involvement of replay in disparate processes, including the maintenance of hippocampal memories and decision making. We propose that the function of replay changes dynamically according to task demands placed on an organism and its current level of arousal.
Introduction
The hippocampus is placed firmly at the centre of a network supporting memory function [1] [2] [3] [4] [5] . In humans, hippocampal damage is associated with wide-ranging impairments in autobiographical memory [1, 6] as well as profound deficits in spatial memory, manifesting as a loss in the ability to navigate flexibly through the world [7] , although some spatial knowledge can be retained [3] . In rodents, lesions made to the hippocampus and associated structures have generated complementary results, including deficits in spatial working memory [8, 9] , impairments in navigation to hidden spatial goals [10, 11] , and a more general failure to recognise familiar environments [12, 13] .
However, the hippocampus is far from being a simple static repository of past experiences. In patients, memory for distant events can be preserved even when that for more recent events is disrupted by hippocampal damage [1, 14, 15] . This temporally graded retrograde amnesia has been taken as evidence that, with time, some memories become less dependent on the hippocampus and increasingly dependent on the cortex: a process known as systems consolidation [16] [17] [18] [19] . Whether all initially hippocampal-dependent memories are subject to consolidation is a point of some controversy [20, 21] . Nevertheless, careful lesion studies in animals provide support for this hypothesis, suggesting that under some circumstances an offline process governs the modification of hippocampal memories, rendering them less susceptible to hippocampal damage [15, [22] [23] [24] . Equally, a separate body of work points to a role for the hippocampus in planning and future thinking, that is, constructing potential scenarios. For example, patients with hippocampal damage have difficulty imagining the future [25] and are unable to describe rich fictitious scenes [26] . Moreover, functional magnetic resonance imaging (fMRI) indicates a distinct overlap between a network of brain areas, including the hippocampus, that are engaged during remembering as well as imagining events [27, 28] .
Electrophysiological investigations of the hippocampus and associated regions in rodents and other animals, including humans, have identified some of the key neural elements supporting memory and spatial cognition. Place cells, typically pyramidal neurons from areas CA1 and CA3 of the hippocampus, exhibit stable, spatially constrained firing fields, known as place fields [2, [29] [30] [31] (Figure 1) . When an animal is in motion, the activity of a population of such place cells provides an accurate representation of its self-location [32, 33] . Moreover, the fidelity of the place cell representation covaries with navigational accuracy, strongly implying that these cells are instrumental in guiding spatial decisions [34, 35] . Subsequently, several complementary classes of neurons have been identified, representing other aspects of an animal's position within the world: head direction cells, found throughout the limbic system, signal direction of facing [36] [37] [38] ; grid cells in the medial entorhinal cortex and para-subiculum represent self-location with an efficient periodic code [39, 40] ; and border cells as well as boundary vector cells signal proximity to elongated features of the environment [41] [42] [43] . Clearly the representation of self-location provided by these neurons is likely to play a role in spatial memory [44] . It is also evident, however, that information about the animal's current position alone is insufficient to account for either consolidation or the apparent role of the hippocampus in future thinking and navigational planning.
Interestingly, in the last twenty years, it has become clear that the activity of place cells do not simply represent an animal's self-location but, under certain circumstances, also 'replay' past experiences [45-47] and potentially construct new spatial trajectories [48] [49] [50] . Here we present a review of the replay literature and critically assess evidence supporting its hypothetical Current Biology 28, R37-R50, January, 2018 ª 2017 The Authors. Published by Elsevier Ltd. R37 This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
